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Downy mildew of hop (Humulus lupulus L.) (a disease caused by
sporangium suspension, six to eight subsamples of suspension per Pseudoperonospora humuli (Miy. et Tak.) Wils.) occurs leaf were taken, and sporangia were counted in a hemacytometer sporadically in the Yakima Valley of Washington (5). Epidemics of viewed with a microscope. The area of each leaf was measured with downy mildew are usually short because favorable weather in May a LI-COR model 3 100 area meter and the number of sporangia per is generally followed by hot, dry conditions in June. The greatest square centimeter of leaf was determined. A value for each spike losses in the Yakima Valley occur from crown infections that result was calculated from a mean of the two leaves at a node and a mean in death of crowns and stand reductions. Cultivars susceptible to from one to three nodes. Only leaves that bore sporangia were downy mildew predominate in the area and timely applications of included in determining the number of sporangia per square fungicides are needed for control.
centimeter of leaf for a spike, unless no leaves bore sporangia. A P. humuli overwinters as mycelium in infected hop crowns in mean number of sporangia per square centimeter was determined Washington (12). Shoots growing from infected crowns in the for each collection period from two to ten spikes (mean of five spring may become invaded by the fungus. These systemically spikes). Fourteen collections were made in 1982 and 33 in 1984. infected shoots are typically stunted, chlorotic, have down-curled Sporangia were not observed on stems in these field tests. brittle leaves, and are known as "primary basal spikes." Sporangia Temperature and RH were recorded with hygrothermographs in which serve as the initial source of inoculum for a growing season weather shelters 15 cm above the ground at the edge of the three are borne on the abaxial leaf surfaces of these primary basal spikes.
hop yards. Hourly temperature and RH values were used to Sporangia are produced at night in response to a diurnal cycle calculate means of temperature and RH for various time intervals when night temperature and humidity are favorable (16). In from 1400 hours the day before spikes were collected up to 0600 Washington, sporangium production may occur either relatively hours the day of collection. These time intervals were chosen to early in the season or be delayed for several weeks, depending on correspond with the development of sporangia of P. humuli as night temperature and humidity.
observed by Yarwood (16). He reported that sporangiophores first This study was initiated to relate, quantitatively, sporangium began to appear through stomata at 2400 hours and that sporangia production of P. humuli with temperature and relafive humidity reached full size at 0600 hours. Linear and multiple regressions (RH). Data from this study are intended for incorporation into a were used to analyze the data. predictive system to be used for controlling hop downy mildew in Washington. RESULTS
MATERIALS AND METHODS
Sporangium production did not occur or was very light when the nightly minimum temperature was <•5 C or when the mean RH Primary basal spikes were found in three hop yards of the cluster between 2000 and 0600 hours was •<64% ( Table 1) . Sporangia were cultivar, L-1, in the springs of 1982 and 1984. The abaxial leaf usually produced at mean RHs >71% when the nightly minimum surfaces of each spike were carefully examined with a 10-power temperature was >5 C (Table 1) . hand lens to determine if sporangia were present. Nonsporulating Data for 1982 and 1984 were combined for analysis because primary basal spikes were labeled and then collected the next linear regression equations relating number of sporangia per morning, square centimeter of leaf to temperature, RH, or hours of RH were Sporangia that formed overnight were washed and brushed from not significantly different for the 2 yr. individual leaves in either 35 or 50 ml of water. After swirling the Numbers of sporangia were significantly related to mean and maximum RH, hours (from 1500 to 0600 hours) of RH >80%, minimum temperature, and mean temperature ( Table 2) . Hours of The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. § RH >,80% from 1500 to 0600 hours accounted for more variation of 1734 solely to indicate this fact.
sporangium production than hours of RH calculated for shorter time periods. Maximum RH only accounted for I 1%(R 2 =0.11 )of ©1985 The American Phytopathological Society the variation for production of sporangia ( (Table 2) , indicating a greater increase in number of hours of RH >70% or >90%.
sporangium production with an increase of the independent Mean RH accounted for more variation for sporangium variable. production and mean temperature accounted for less when Sporangium production per square centimeter of leaf was more respective means included measurements made before 2400 hours closely related to the product of minimum temperature and hours than when they were not included (Table 2) .
of RH >80% than any other of the independent variables that were Coefficients of determination for minimum temperature and tested singly and listed in Table 2 . number of sporangia increased when minimum temperatures that A multiple regression equation that included the product of corresponded with one or more hours of RH >80% only were minimum temperature and hours of RH >80% (Xi), and mean RH included in the analysis (Table 2 , regression equations 12-15).
from 2000 to 0600 hours (X 2 ) as independent variables accounted Minimum temperatures corresponding with two or more hours of for 84% (R2 = 0.84) of the variation for production of sporangia per RH >80% accounted for more variation ofsporangium production square centimeter of leaf surface. Both independent variables than minimum temperatures corresponding with other accounted for significant structure (P <0.01) in the analysis. 19. Minimum night temperature X "Number of hours of relative humidity from 1500 to 0600 hours.
hours of RH Ž80% Y = -8,396 + 992X*** 0.76 Mean number of sporangia from two to six leaves from two to 10 spikes. a* Statistically significant (b # 0) at the 5% level; ** statistically significant dNightly minimum temperature <5 C, when mean relative humidity at night (b 0 0) at the 1% level: *** statistically significant (b =A 0) at the 0.1% level.
was 364%, at which sporulation did not occur or was very slight. bNumber of hours of relative humidity from 1500 to 0600 hours.
